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Abstract 

The  synthesis  of  lithiated  manganese  oxides  Li  tMn02+,>  obtained  via  a  sol-gel  process  combined  with  an  ion-exchange  reaction  is 
reported.  The  electrochemical  performances  are  strongly  dependent  on  the  heat-treatment  of  the  Li-exchanged  compound  obtained  after  the 
ion-exchange  procedure.  The  best  results  are  obtained  for  the  sample  heat-treated  at  300°C  and  which  corresponds  to  a  mixture  of  a  spinel 
phase  (a  =  8.16  A)  and  a  lamellar  phase.  Galvanostatic  cycling  tests  in  the  potential  window  4.2/2  V  show  that  a  stable  capacity  of 
155  mAh/g  is  achieved  after  20  cycles  performed  at  C/20  rate.  ©  2001  Elsevier  Science  B.V.  All  rights  reserved. 
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1.  Introduction 

Secondary  lithium  batteries  have  been  studied  for  the  past 
two  decades,  because  they  exhibit  the  highest  specific 
energy  among  the  rechargeable  batteries.  From  the  point 
of  view  of  starting  material  in  these  batteries,  price  and 
toxicity  of  the  system  lithium-manganese-oxide  as  the 
spinel  LiMn204  has  a  considerable  advantage  over  LiNi02 
and  LiCo02,  for  its  use  as  cathodic  material. 

A  problem  which  prevents  these  spinel  compounds  from 
being  applied  on  an  industrial  scale  is  their  unstable  rechar- 
geability.  Even  though,  the  rechargeability  has  been 
improved  by  several  groups  [1-3],  capacity  fading  on 
cycling  was  also  observable  for  those  compounds.  This 
was  attributed  to  the  fact  that  a  LiMn204  electrode  dissolves 
slowly  in  the  electrolyte  solutions  [4]  and  by  a  Jahn-Teller 
distortion  (cubic  Fd3m  to  tetragonal  I4i/amd)  occurs  caused 
by  a  cooperative  interaction  of  the  local  distortions  around 
Jahn-Teller  ions,  Mn3+  (f2g  —  ej,),  in  octahedral  sites  [5-7]. 

Recently,  we  have  developed  a  simple  and  cheap  route  for 
synthesizing  the  Li-Mn-0  compound  system  [8].  This 
involved  a  direct  synthesis  by  an  ionic  Na  Li  exchange 
from  a  sol-gel  compound  a-Na0.7MnO2.  It  has  been  possible 
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to  obtain  a  compound  LixMn02+<)  with  a  high  specific 
capacity  and  good  reversibility  [8],  This  paper  reports  the 
optimum  conditions  of  synthesis  and  battery  performance  of 
LiAMn02+(5, 


2.  Experimental 

The  average  oxidation  state,  ZMn,  of  manganese  in  the 
sample  was  determined  by  the  following  procedure.  The 
sample  (100  mg)  was  dissolved  in  50  cm3  of  concentrated 
H2S04,  50  cm3  of  H20  and  in  presence  of  an  excess  of 
ferrous(II)  ammonium  sulphate  until  complete  dissolution. 
After  cooling  to  20-25 °C  the  excess  of  ferrous(II)  ammo¬ 
nium  sulphate  is  potentiometrically  titrated  with  potassium 
permanganate.  At  the  same  time  a  blank  is  run  under 
identical  conditions.  Chemical  composition  of  the  com¬ 
pounds  was  made  by  elemental  analysis  (inductively 
coupled  plasma-mass  spectroscopy;  ICP-MS). 

The  X-ray  diffraction  (XRD)  experiments  were  per¬ 
formed  with  a  Inel  diffractometer  using  the  Cu  Ka  radiation 
(2=  1 .540598  A).  The  morphology  and  the  grain  size  of  the 
samples  were  performed  with  a  Philips  XL  30  scanning 
electron  microscope. 

The  electrolyte  used  was  1  mol/1  LiC104,  dried  under 
vacuum  at  180°C  for  15  h,  dissolved  in  a  1:1:1  (volume 
ratio)  mixture  of  propylene  carbonate  (PC)  ethylene  carbo¬ 
nate  (EC)  and  dimethyl  carbonate  (DMC).  The  working 
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3.  Results  and  discussion 


two-electrodes  cells  (Swagelok  type).  This  cell  was  pre¬ 
pared  inside  a  dry  box  by  placing  a  clean  lithium  metal  disk 
(7  mm  diameter),  a  glass  fiber  separator  soaked  with  the 
electrolyte  solution,  and  the  cathode  pellet  into  a  Teflon 
container  with  two  stainless  steel  terminals.  Electrochemical 
measurements  were  made  with  a  Mac  Pile  apparatus. 


3.1.  Synthesis 

The  a-Na0.7MnO2  (sample  A)  precursor  was  synthesized 
via  a  sol-gel  process.  Manganese  oxide  gels  are  formed  from 
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the  reduction  of  aqueous  sodium  permanganate  solutions 
NaMn04  by  fumaric  acid  (C4O4H4)  [9,10].  Drying  and 
calcination  of  the  gels  in  which  the  mean  oxidation  state 
of  manganese  is  IV,  lead  to  the  formation  of  the  sodium 
manganese  oxide  a-Na0.7MnO2  crystalline  phase. 

The  synthesis  of  LiAMn02+,j  was  achieved  by  an  ion 
exchange  in  aqueous  media  at  120°C  during  48  h  to  replace 
the  sodium  by  lithium  from  the  corresponding  sodium- 
containing  phase.  The  resulting  powder  was  then  filtered, 
washed  with  water  and  dried  at  100°C.  The  powder  has  been 
heated  to  300°C  at  a  rate  of  10°C/h,  maintained  at  300°C  for 
2  weeks  (sample  B)  or  at  600°C  during  10  h  after  a  thermic 
treatment  at  300°C  during  2  weeks  (sample  C).  The  che¬ 
mical  formulas  and  the  mean  oxidation  state  determined  for 
each  sample  are  summarized  in  Table  1. 

3.2.  Structural  studies 

The  X-ray  diffraction  pattern  of  the  precursor,  a- 
Nao.7Mn02  is  shown  in  Fig.  la.  It  is  hexagonal,  with  the 
parameters,  a  =  2.85  A  and  c  =  11.16  A.  Its  structure  con¬ 
sists  of  layers  of  edge-sharing  Mn06  octahedra,  with  Na+ 


ions  located  between  these  MnC>6  layers.  The  perpendicular 
distance  between  two  consecutive  layers  is  5.54  A.  The 
XRD  pattern  of  sample  B  maintained  at  300°C  for  2  weeks 
corresponding  to  curve  b  in  Fig.  1  are  characteristic  of  a 
mixture  consisting  of:  (i)  a  spinel  phase,  as  evident  from  the 
peaks  at  4.73,  2.42,  2.02,  1.57,  1.42  and  d  =  1.37  A  with  a 
unit  cell  parameter  of  8.16  A  and  (ii)  a  lamellar  structure 
isomorph  of  a-Na0.7MnO2  with  a  lattice  spacing  which 
contracts  from  5.54  to  4.92  A.  This  mixture  was  heated  at 
600°C  for  10  h.  The  XRD  patterns  of  curve  c  in  Fig.  1  reveal 
that  the  spinel  phase  dominates  the  resulting  product  with  a 
shift  towards  higher  9  values  of  the  most  intensive  diffrac¬ 
tion  line  characteristic  of  the  spinel  structure  (d  =  4.78  and 
2.43  A)  and,  a  disappearance  of  the  diffraction  line  at 
4.92  A.  The  unit  cell  parameter  of  the  spinel  phase  at 
600°C  is  a  =  8.21  A. 

It  is  well  kwown  that  the  unit  cell  parameter  of  the  cubic 
spinel  LiMn204  is  a  =  8.24  A  [1-3].  The  lattice  constant 
decreases  with  increasing  x  in  the  starting  material 
Li  |+AMn2_A04  or  with  decreasing  the  heating  temperature 
as  reported  before  [4,11-13],  because  the  remaining  Mn 
cations  become  smaller  with  increasing  oxidation  state. 


x  in  Li^  MnO^  ^ 


Fig.  3.  (a)  Chronopotentiometnc  curves  for  the  first  ten  reduction  oxidation  at  low  current  density  (C/20  rate)  of  sample  B  in  a  1  mol/1  LiCICVPC/EC/DMC. 
(b)  Chronopotentiometnc  curves  for  the  first  ten  reduction  oxidation  at  low  current  density  (C/20  rate)  of  sample  C  in  a  1  mol/l  LiClC>4/PC/EC/DMC. 
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The  calculated  lattice  parameter  of  the  spinel  compound 
at  600°C  (a  =  8.21  A)  suggests  the  following  formula 
Li0  ggMnx  904  (Li0  52Mn02.i)  well  consistent  with  the  mean 
oxidation  state  found  (Zm„  =  3.7).  Calculation  of  the  lattice 
parameter,  a,  of  the  spinel  compound  in  mixture  B  allows  to 
determine  the  chemical  composition  of  the  cubic  phase: 
Lii.24Mn! ,7604  (Li0.7MnO227). 

The  resulting  morphology  of  compounds  B  and  C  reveals 
that  the  powder  grains  consist  of  small  ~2  pm  crystallites 
(Fig.  2).  The  maximum  total  pore  area  obtained  for  the 
compound  at  300°C  was  measured  to  1.75  m2/g,  and  to 
1.63  m2/g  for  the  sample  heat-treated  at  600°C. 

3.3.  Electrochemical  studies 

The  electrochemical  behavior  of  these  two  compounds  is 
shown  in  Fig.  3.  For  the  compound  heat-treated  at  300°C 
(Fig.  3a),  which  has  an  initial  potential  at  3.2  V,  an  additional 
0.44  additional  lithium  ions  are  incorporated  into  the  struc¬ 
ture  during  the  discharge.  This  is  lower  than  the  Li  uptake 
expected  from  the  initial  amount  of  Mn(IV)  in  the  compound 
(Zun  =  3.84).  The  charge  process  exhibits  a  well  defined 
single  step  with  100%  efficiency.  Moreover,  for  a  cut-off 
voltage  of  4.2  V,  the  faradaic  yield  found  is  higher  than  that 
involved  on  discharge  showing  that  a  part  of  lithium  (0.2  Li/ 
mol)  originally  in  the  structure  can  be  removed  below  4.2  V. 
An  excellent  maintenance  of  capacity  is  observed  during 
cycling  with  ~155  mAh/g  recovered  at  the  10th  cycle  in  the 
voltage  4.2/2  V  at  C/20  rate. 

As  far  as  the  compound  heat-treated  at  600°C  is  consid¬ 
ered,  the  discharge  signal  results  in  a  flat  voltage  plateau 
near  2.9  V  with  a  faradaic  yield  of  0.3  F/mol  of  oxide  at  C/20 
rate.  Once  again,  as  previously  observed  for  the  “300°C” 
heat-treated  sample,  lithium  extraction  can  be  achieved  from 
the  lattice  resulting  in  the  larger  discharge  capacity  on  the 
second  cycle.  In  that  case,  the  capacity  decays  rapidly  after 
the  second  cycle  to  reach  only  53%  of  the  initial  specific 
capacity  after  the  10th  cycle. 


The  present  results  have  illustrated  the  possibility  offered 
by  a  new  synthesis  ways  for  preparing  lithiated  manganese 
oxides  with  attractive  properties.  In  particular,  the  interest  in 
the  use  of  a  mixture  of  a  spinel  and  an  hexagonal  phase  with 
the  sample  heat-treated  at  300°C  has  been  proved. 

The  impact  afforded  by  the  Li  ions  inside  both  structures 
needs  deeper  structural  investigations. 
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